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EXHIBIT H-5.  EXAMPLE 4.  HANNIBAL DAM TAILWATER REVETMENTS, WEST
VIRGINIA

6.1  Description of Project and Impacts
6.2  Incremental Analysis
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EXHIBIT H-5
6.1 HANNIBAL DAM TAILWATER
REVETMENTS (WV-40)

1.0 Location

The proposed Hannibal Dam
Tailwater Revetments project area
is located in Wetzel County, West
Virginia within the City of New
Martinsville, West Virginia.  The
project site is immediately
downstream (south) from the
Hannibal Locks and Dam in the
Ohio River Willow Island Pool
between Ohio River Mile (ORM)
126.9 and 128.5.  The project site is
within the jurisdiction of the
Huntington District, U.S. Army
Corps of Engineers (USACE).

2.0 Project Goal

The primary goals of the Hannibal Dam Tailwater Revetments project are to provide aquatic
habitat diversity downstream from Hannibal Dam, to provide winter velocity shelters for fishes in

the Ohio River, and to
provide off-shore
structure.  Altering the
heterogeneous habitat
downstream from the dam
would improve species
diversity, facilitate a
sustained fishery
resource.
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3.0 Project Description and Rationale

The Hannibal Dam Tailwater Revetments project will consist of three primary elements
including:

• Construct two boulder (rip-rap) revetments that runs parallel/adjacent to the east bank of
the Ohio River from the handicap fishing pier downstream approximately 600 feet;

• Construct  three off-shore revetment(rip-rap) structures near the restricted access buoy
line; and

• Dredge the mouth of Williams Run to provide a deep water outlet for the City of New
Martinsville stormwater system and enhance bank fishing opportunities.

The hard point structures will be constructed at various depths and at various distances from the
shoreline to maximize habitat heterogeneity.  The off-shore revetments will provide habitat
diversity, winter velocity shelters for fishes, and hard structure for bank and boat fishermen.

4.0 Existing Conditions

Terrestrial/Riparian Habitat:  The
West Virginia bank of the Ohio
River south of Hannibal Dam is
covered with rip-rap near the
waters edge and the higher
portions of the riverbank are
covered with maintained grasses.
Approximately 0.4 miles south of
the dam the banks of the river are
populated with riparian trees.  The
dominant species present in the
stand include box elder (Acer
negundo), sycamore (Platanus
occidentalis), and silver maple
(Acer saccharinum).  A maintained
park lies parallel to the length of the
project area, and the entire project
area is within the City of New
Martinsville.

Aquatic Habitats:  There is
currently minimal bottom structure
or habitat diversity in the location
where the off-shore revetments
would be positioned.  The banks are
characterized by gravel and rip-rap
and the bottom substrates are
composed primarily of small gravel
and coarse sand.  The mouth of
Williams Run has become
completely filled with silt, coarse
sand, and gravel.

Wetlands:  There are no
jurisdictional wetlands present in the
vicinity of the proposed Hannibal
Dam Tailwater Revetments project
area.

East bank of the Ohio River
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Federally-Listed Threatened and Endangered Species:  With the exception of the migratory
bald eagle (Haliaeetus leucocephalus) and peregrine falcon (Falco peregrinus), there are no
federally-protected species known to occur within the project area according to the U.S. Fish
and Wildlife Service (USFWS, 1999).

5.0 Project Diagram
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6.0 Engineering Design and Requirements

6.1 Existing Ecological/Engineering Concern

The Ohio River channel downstream from the Hannibal Dam has very little habitat
diversity, primarily due to the high velocities associated with a tailwater area.  Since this
area is below the dam, river currents limit the natural deposition of structure, such as
snags.  The creation of the proposed off-shore revetments would provide a complex
structure that would increase submerged habitat.  In addition to the added hard
substrate, the altered bathymetry associated with changes in water flow would also
enhance habitat diversity.

6.2 Off-shore Revetment Structures

An off-shore revetment is a rock (rip-rap) structure designed to provide velocity shelters
for aquatic animals, especially fishes.  Two of these structures would be placed
parallel/adjacent to the east bank of the Ohio River from the handicap fishing pier
downstream approximately 600 feet.  Three additional off-shore revetments would be
placed near the restricted access buoy line.  Each of the structures would be 200 feet in
length and parallel to the main channel.  The side slopes would be 1.5 to 1, and the
structure would be toed into the sub-grade a minimum of 2 feet.  The size of the rock
used shall be uniformly graded limestone with each rock weighing between 50 and 150
pounds.  Normally a well-graded rock would be used, however, a uniform gradation
would provide better aquatic habitat.  The proposed structures are anticipated to function
as designed.  To ensure that navigation impacts do not occur, these structures should
be evaluated by numerical analysis or physical model testing during the preconstruction,
engineering, and design (PED) phase of the project.
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Figure 1.  Off-shore Revetment Detail.
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6.3 Embayment Dredging

Maintenance dredging of the mouth of the Williams Run embayment is required to
provide a fish refuge area.  An estimated 13,140 cubic yards of silty-clay and sand
material would be dredged to restore depths of 8 feet in the embayment mouth.  A
dredge disposal site is adjacent to the embayment.  A small geotube levee 190 feet in
length, would be constructed at the designated disposal site for dewatering.

Example of a Geotube Levee

7.0 Planning/Engineering Assumptions

Off-shore Revetment Structures

♦ Average channel velocities are 3 feet per second.

♦ All rip-rap material would be shipped by barge to the project site.  All costs for
shipping are included in the material costs.

Dredging

♦ A small auger head dredge would be used, and the material would be pumped
directly to the disposal site.

♦ Bottom side slopes will be reshaped to a 3:1.
♦ Dewatered spoil material will be graded, reseeded with a mixture of cool season

grasses, and maintained as part of the park.

8.0 Cost Estimate (Construction)

Off-shore Revetments - Engineering costs for the proposed project are contained on Table 1.
A detailed MCACES cost estimate for the proposed project is included in Appendix D.
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Williams Run Dredging - Engineering costs for the proposed project are contained on Table 1.
A detailed MCACES cost estimate for the proposed project is included in Appendix D.

Table 1.  Engineering Costs.
Item Cost
Off-shore Revetments (Total of 5 structures) $148,200
Dredging $24,700
Geotube Levee $3,000
Mobilization & Contingencies @ 20% $35,300
TOTAL $211,200

9.0 Schedule

Hannibal Dam Tailwater Revetments:  The estimated construction time for this project is
shown on Table 2.

Table 2.  Construction Schedule.
Item Time
Off-shore Revetments (Total of 5 structures) 36 Days
Dredging 27 Days
Mobilization 6 Days
TOTAL 69 Days

10.0 Expected Ecological Benefits

Terrestrial/Riparian Habitat:  The Hannibal Dam Tailwater Revetments project would be
constructed in-stream adjacent to the Ohio bank of the Ohio River.  Since almost all of the
proposed construction would be in-stream, there would be no reasonably foreseeable beneficial
impacts to terrestrial/riparian resources.

Aquatic Habitats:  Long-term beneficial impacts to aquatic resources would be anticipated as a
result of constructing the Hannibal Dam Tailwater Revetments.  The complex arrangement of
the rip-rap structures coupled with localized changes in flow patterns and the scouring effects
downstream from the rock revetments would lead to improved habitat diversity for aquatic
species.  Habitat requirements for fishes change seasonally (Sheaffer, 1986).  The rock
structures and the changes in bathymetry associated with the altered water flow from the
structure would provide velocity shelters during the winter (Scott, 1989 and Sheehan, 1994).

The addition of the hard substrate (rip-rap) would result in long-term beneficial impacts to other
aquatic species, especially benthic and epibenthic macroinvertebrates, due to the increase in
the habitat diversity.  The rip-rap structures would provide more silt-free submerged surface
area for invertebrates as well as escape cover for various invertebrates and small fishes.

Wetlands:  There would be no reasonably foreseeable beneficial impacts to jurisdictional
wetlands as a result of constructing the Hannibal Dam Tailwater Revetments.

Federally-Listed Threatened and Endangered Species:  There would be no reasonably
foreseeable beneficial impacts to federally listed threatened and endangered species as a result
of constructing the Hannibal Dam Tailwater Revetments.
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Socioeconomic Resources:  There would be short-term and long-term beneficial impacts to
socioeconomic resources as a result of implementing the proposed project.  The short-term
beneficial impacts would be related to costs and local expenditures associated with the
construction of the structures and the dredging of Williams Run. Long term benefits are mostly
environmental with insignificant economic benefits.

11.0 Potential Adverse Environmental Impacts

Terrestrial/Riparian Habitat:  During the site preparation and construction of the revetments,
there would be a potential for short-term adverse impacts to terrestrial species from
construction-related noise and disturbance.  Considering the existing high volume of
disturbance from barge traffic along the Ohio River, recreational bank fishing in the area, and
vehicle traffic in New Martinsville, it is likely that the increased noise/disturbance impacts would
be very minor.

Aquatic Habitats:  There would be a potential for short-term adverse affects to aquatic species,
especially immobile benthic invertebrates during the construction of the Hannibal Dam Tailwater
Revetments.  Localized populations of benthic invertebrates could be covered with rip-rap
during the construction of the hard point and revetment structures.  In addition, sensitive aquatic
species immediately downstream from the site could be adversely impacted by degraded water
quality associated with displaced sediments, especially during the site preparation/excavation
and the dredging of Williams Run.  The adverse impacts to aquatic species would be short term,
and the overall beneficial impacts of the restoration project would outweigh the adverse impacts.

Wetlands:  There would be no adverse affects to jurisdictional wetlands as a result of
constructing the Hannibal Dam Tailwater Revetments.

Federally-Listed Threatened and Endangered Species:  There would be no adverse affects
to federally-listed threatened and endangered species as a result of constructing the Hannibal
Dam Tailwater Revetments.

Socioeconomic Resources:  There would be no reasonably foreseeable adverse
socioeconomic impacts as a result of implementing the proposed project.

12.0 Mitigation

No significant adverse impacts are expected.  Minor impacts associated with site
preparation/excavation, dredging of Williams Run, and rock (rip-rap) placement may occur
during the construction of this project, however, no significant adverse impacts are expected.
The use of best management practices and proper construction techniques would minimize
adverse water quality impacts.

13.0 Preliminary Operation and Maintenance Costs:

Hannibal Dam Tailwater Revetments   Operation and Maintenance costs are summarized on
Table 3.

Table 3.  Operation and Maintenance Costs (50 Year Life)
Maintenance Frequency Costs
Maintenance Dredging for Williams Run 5 years $63,000
Repair of Rock Structures 10 years $74,084
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14.0 Potential Cost Share Sponsor(s)

♦ State of West Virginia
♦ City of New Martinsville

15.0 Expected Life of the Project

It is anticipated that the project would have an intact life expectancy of 50 years.

16.0 Hazardous, Toxic, and Radiological Waste Considerations

Potential impacts of hazardous, toxic, and radiological waste (HTRW) at the site were visually
assessed during a site visit and further assessed via a database search of HTRW records in the
site area.

Site Inspection Findings.  The Ohio River flows from north to south through the project site
located immediately downstream of Hannibal Locks and Dam.  A park owned by the city of New
Martinsville, West Virginia in Wetzel County is east of the project and the Hannibal lock is
located to the west.  Williams Run joins the Ohio River on the east side of the river immediately
south of the Hannibal Locks and Dam.

The following environmental conditions were considered when conducting the June 14, 1999
project area inspection:

♦ Suspicious/Unusual Odors;
♦ Discolored Soil;
♦ Distressed Vegetation;
♦ Dirt/Debris Mounds;
♦ Ground Depressions;
♦ Oil Staining;
♦ Above Ground Storage Tanks (ASTs);
♦ Underground Storage Tanks (USTs);
♦ Landfills/Wastepiles;

♦ Impoundments/Lagoons;
♦ Drum/Container Storage;
♦ Electrical Transformers;
♦ Standpipes/Vent pipes;
♦ Surface Water Discharges;
♦ Power or Pipelines;
♦ Mining/Logging; and
♦ Other

Restrooms, fish cleaning stations, electrical powerlines, and a hydropower discharge are in the
project area.  Although not observed, electric transformers are likely present in the area.  None
of the other environmental conditions listed above were observed in the project area.

Risk Management Data Search.  A search of available environmental records was conducted
by Environmental Data Resources, Inc. (EDR).  The search complied with ASTM Standard
Practice for Environmental Site Assessments, E 1527-97.  The search report with maps
showing the search area around the project site is presented in Appendix B.  The search
distance was configured to include the area of the project and a one mile radius buffer zone
beyond the central area of the project.  In this case, the radius extended about 0.8 miles up-river
from the Hannibal Dam to include the town of Hannibal, Ohio and also captured the northern
half of the town of New Martinsville, West Virginia south of the project site.  It was
conservatively assumed that any environmental conditions beyond the project area buffer zone
would not impact the project.  Databases searched and the distance searched from the project
site for each environmental item (e.g., USTs, NPL sites, etc.) are as follows:

Databases Search Radius (Miles)
NPL:  National Priority List 1.00
Delisted NPL:  Contaminated sites removed from the NPL. 1.00
RCRIS-TSD:  Resource Conservation and Recovery Information System 1.00
SHWS:  State Hazardous Waste Sites 1.00
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CERCLIS:  Comprehensive Environmental Response, Compensation, and
Liability Information System

1.00

CERC-NFRAP: Comprehensive Environmental Response, Compensation,
and Liability Information System

1.00

CORRACTS: Corrective Action Report 1.00
SWF/LF:  Available Disposal for Solid Waste in Illinois- Solid Waste Landfills
Subject to State Surcharge

1.00

LUST:  Leaking Underground Storage Tank 1.00
UST:  Underground Storage Tank 1.00
RAATS:  RCRA Administrative Tracking System 1.00
RCRIS-SQG: Resource Conservation and Recovery Information System for
Small Quantity Generators

1.00

RCRIS-LQG:  Resource Conservation and Recovery Information System for
Large Quantity Generators

1.00

HMIRS:  Hazardous Materials Reporting System 1.00
PADS:  PCB Activity Database System 1.00
ERNS:  Emergency Response Notification System 1.00
FINDS:  Facility Index System/Facility Identification Initiative program
Summary Report

1.00

TRIS:  Toxic Chemical Release Inventory System 1.00
NPL Lien:  NPL Liens 1.00
TSCA:  Toxic Substances Control Act 1.00
MLTS:  Material Licensing Tracking System 1.00
ROD:  Record of Decision 1.00
CONSENT:  Superfund (CERCLA) Consent Decrees 1.00
Coal Gas:  Former Manufactured gas (Coal Gas) Sites 1.00
MINES:  Mines Master Index File 1.00

HTRW Findings and Conclusions

The HTRW data search area consisted of a one mile radius surrounding the project site.  Within
this area there were 7 USTs, 3 LUSTs, and 2 RCRA Small Quantity Generators.  There were no
NPL sites, coal gas sites, or mines within a one mile radius of the project area.

An inspection of the project site and a search of environmental records relevant to the site, have
revealed no evidence of recognized environmental conditions in connection with this project
site.



Ohio River Ecosystem Restoration Program -Appendix H - Example Ecosystem Restoration Project 11
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APPENDIX A Threatened & Endangered Species
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APPENDIX B Hazardous Toxic and Radiological Wastes
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APPENDIX C  Plan Formulation and Incremental Analysis Checklist

Project Site Location:

The proposed Hannibal Dam Tailwater Revetments project area is located in Wetzel County,
West Virginia within the City of New Martinsville, West Virginia.  The project site is immediately
downstream (south) from the Hannibal Locks and Dam in the Ohio River Willow Island Pool
between Ohio River Mile (ORM) 126.9 and 128.5.  The project site is within the jurisdiction of
the Huntington District, U.S. Army Corps of Engineers (USACE).

Description of Plan selected:

The Hannibal Dam Tailwater Revetments project will consist of three primary elements
including:  1)  Construct two boulder (rip-rap) revetments that runs parallel/adjacent to the east
bank of the Ohio River from the handicap fishing pier downstream approximately 600 feet; 2)
Construct  three off-shore revetment(rip-rap) structures near the restricted access buoy line; and
3)  Dredge the mouth of Williams Run to provide a deep water outlet for the City of New
Martinsville stormwater system and enhance bank fishing opportunities.

The hard point structures will be constructed at various depths and at various distances from the
shoreline to maximize habitat heterogeneity.  The off-shore revetments will provide habitat
diversity, winter velocity shelters for fishes, and hard structure for bank and boat fishermen.

Alternatives of the Selected Plan:

Smaller Size Plans Possible? Yes and description

Reduce the number of rip-rap structures.

Larger Size Plan Possible? Yes and description

Increase the size and number of rock structures.

Other alternatives? No

Restore/Enhance/Protect Terrestrial Habitats? Opportunity numbers met 

Restore, Enhance, & Protect Wetlands? Opportunity numbers met 

Restore/Enhance/Protect Aquatic Habitats? Yes  Opportunity numbers met  A4, A5, A6

Type species benefited: Fish and invertebrates including mussels.

Endangered species benefited: none

Can estimated amount of habitat units be determined:

Plan acceptable to Resources Agencies?
U.S. Fish & Wildlife Service?
State Department of Natural Resources? Yes – West Virginia DNR

Plan considered complete? Connected to other plans for restoration?
Real Estate owned by State Agency? Federal Agency?
Real Estate privately owned? No
If privately owned, what is status of future acquisition?
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Terrestrial Habitat Opportunities

T1- Restore riparian corridors, reduce fragmentation by expanding and joining isolated habitat blocks and
stabilize eroding banks.

T2 Restore, protect existing islands and create islands where they historically occurred.

T3 Restore hardwood forests in the 100-year floodplain.

Wetland Habitat Opportunities

W1 Forested Wetlands: Restore Forested Wetlands: Bottomland Hardwoods

W2  Forested Wetlands: Restore Forested Wetlands:Cypress/Tupelo Swamps and other unique forested
wetlands

W3 Restore Scrub/Shrub Emergent Wetlands: including those areas isolated from the river except during high
water and those contiguous with embayments and island sloughs.

Aquatic Habitat Opportunities

A1 Restore backwaters (Including sloughs, embayments, oxbows, bayous, etc.).

A2 Restore riverine submerged and emergent aquatic vegetation

A3 Restore and protect sand and gravel bars.

A4 Protect tailwaters and provide structures to provide refuge for fish.

A5 Create and protect fish and mussel refuges in pools (deep water, slow velocity, soft substrate)

A6 Restore and protect aquatic habitat (Side Channel/Back Channel Habitat)

Other

O-1 Restore other habitats(e.g., canebrakes, river bluffs mussel beds, etc.)
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APPENDIX D Micro Computer-Aided Cost Engineering System (MCACES)



Thu 13 Jul 2000                                  U.S. Army Corps of Engineers                                     TIME 10:40:52
Eff. Date  06/20/00                  PROJECT WV-040:   Hannibal Dam - Ohio River Mainstem
                                             Effective Pricing Date: October 2000                               TITLE PAGE    1

-------------------------------------------------------------------------------------------------------------------------------

                                                         Hannibal Dam
                                                      Ohio River Mainstem
                                                 Ecosystem Restoration Project

                                               Sample Feasibility Cost Estimate

                                                 Designed By:  Parsons Engineering Science, Inc
                                                Estimated By:

                                                 Prepared By:  Parsons Engineering/CELRL-ED-MC
                                                               CELRL-ED-MC POC: M. Lockard

                                            Preparation Date:  06/20/00
                                   Effective Date of Pricing:  06/20/00
                                       Est Construction Time:  180 Days

                                                   Sales Tax:     0.00%

                                      This report is not copyrighted, but the information
                                          contained herein is For Official Use Only.



                                             M C A C E S   G O L D   E D I T I O N
                                        Composer GOLD Software Copyright (c) 1985-1994
                                               by Building Systems Design, Inc.
                                                         Release 5.30A

LABOR ID: FTCAMP    EQUIP ID: NAT97A                  Currency in DOLLARS                   CREW ID: NAT99A   UPB ID: UP99EA



Thu 13 Jul 2000                                  U.S. Army Corps of Engineers                                     TIME 10:40:52
Eff. Date  06/20/00                  PROJECT WV-040:   Hannibal Dam - Ohio River Mainstem
DETAILED ESTIMATE                            Effective Pricing Date: October 2000                              DETAIL PAGE    1
                                                       06. West Virginia

-------------------------------------------------------------------------------------------------------------------------------
Hannibal Dam Tailwater Revet  QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

 Lands and Damages                                                    0           0           0      28,825      28,825

                Habitat & Feeding Facilities

                    Mobilization
 Dredge                         2.00 LS                0.53       5,800       8,700           0           0      14,500 7250.00
 Bull Dozer                     2.00 LS                6.00          59         304           0           0         363  181.50
 Vibrating Roller               2.00 LS                6.00          59         304           0           0         363  181.50
 Offshore Revetment Equipmen    1.00 LS                1.00           0           0           0      20,000      20,000   20000
 t
                                                            ----------- ----------- ----------- ----------- -----------
 Mobilization                                                     5,918       9,308           0      20,000      35,226

                    Dredging
 AUGERHD MUDCAT, 8" DISCHARG  219.00 HR  M10EL007      0.00           0      10,303           0           0      10,303   47.04
 E DIA
 Outside Laborer              438.00 HR  X-LABORER     0.00       9,990           0           0           0       9,990   22.81
 Outside Equip. Op. Medium    219.00 HR  X-EQOPRMED    0.00       4,435           0           0           0       4,435   20.25
                                                            ----------- ----------- ----------- ----------- -----------
 Dredging                      13140 CY                          14,425      10,303           0           0      24,728    1.88

                    Geotube Levee
 Bulk Site Exc & Shaping, Sm  600.00 CY  CODTA        46.88       2,140         231           0           0       2,370    3.95
  Area
 Small Dozer
 Geotubes                       3.00 EA                0.00           0           0          78         600         678  226.00
 Material cost is for
 45'Circumference Geotubes at
 200' long.

 Other cost is for unloading and
 position into place and other
 misc costs associated with tube
 handling.
                                                            ----------- ----------- ----------- ----------- -----------



 Geotube Levee                  3.00 EA                           2,140         231          78         600       3,048 1016.16

                    Offshore Revetment (Group of 5)

                        EXCAVATION
 HYD EXCAV, CRWLR, 2.50 CY B    9.54 HR  H25BA004      1.00           0         679           0           0         679   71.16
 KT
 Outside Equip. Op. Medium      9.54 HR  X-EQOPRMED    1.00         193           0           0           0         193   20.25
 WORK FLOAT, MED DUTY, 30'X1    9.54 HR  M10MZ003      1.00           0          16           0           0          16    1.71
 0'X3'
 Outside Laborer                9.54 HR  X-LABORER     1.00         217           0           0           0         217   22.81

LABOR ID: FTCAMP    EQUIP ID: NAT97A                  Currency in DOLLARS                   CREW ID: NAT99A   UPB ID: UP99EA



Thu 13 Jul 2000                                  U.S. Army Corps of Engineers                                     TIME 10:40:52
Eff. Date  06/20/00                  PROJECT WV-040:   Hannibal Dam - Ohio River Mainstem
DETAILED ESTIMATE                            Effective Pricing Date: October 2000                              DETAIL PAGE    2
                                                       06. West Virginia

-------------------------------------------------------------------------------------------------------------------------------
Hannibal Dam Tailwater Revet  QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

 TUG BOAT, 150 TO 40O HP        9.54 HR  XX0XX004      1.00           0         245           0           0         245   25.66
 Outside Equip. Op. Medium      9.54 HR  X-EQOPRMED    1.00         193           0           0           0         193   20.25
 TUG BOAT, 500 TO 80O HP        9.54 HR  XX0XX002      1.00           0         607           0           0         607   63.68
 Outside Equip. Op. Medium      9.54 HR  X-EQOPRMED    1.00         193           0           0           0         193   20.25
 WORK BARGE-S,MED DUTY,60'X1   76.29 HR  M10MZ009      1.00           0         406           0           0         406    5.32
 6'X5'
 Outside Laborer                9.54 HR  X-LABORER     1.00         222           0           0           0         222   23.31
 Outside Laborer                9.54 HR  X-LABORER     1.00         217           0           0           0         217   22.81
                                                            ----------- ----------- ----------- ----------- -----------
 EXCAVATION                  1335.00 CY                           1,237       1,953           0           0       3,190    2.39

                        ROCK
 HYD EXCAV, CRWLR, 2.50 CY B   26.04 HR  H25BA004      1.00           0       1,853           0           0       1,853   71.16
 KT
 Outside Equip. Op. Medium     26.04 HR  X-EQOPRMED    1.00         527           0           0           0         527   20.25
 WORK FLOAT, MED DUTY, 30'X1   26.04 HR  M10MZ003      1.00           0          45           0           0          45    1.71
 0'X3'
 Outside Laborer               26.04 HR  X-LABORER     1.00         594           0           0           0         594   22.81
 TUG BOAT, 150 TO 40O HP       26.04 HR  XX0XX004      1.00           0         668           0           0         668   25.66
 Outside Equip. Op. Medium     26.04 HR  X-EQOPRMED    1.00         527           0           0           0         527   20.25
 TUG BOAT, 500 TO 80O HP       26.04 HR  XX0XX002      1.00           0       1,658           0           0       1,658   63.68
 Outside Equip. Op. Medium     26.04 HR  X-EQOPRMED    1.00         527           0           0           0         527   20.25
 WORK BARGE-S,MED DUTY,60'X1  208.29 HR  M10MZ009      1.00           0       1,109           0           0       1,109    5.32
 6'X5'
 Outside Laborer               26.04 HR  X-LABORER     1.00         607           0           0           0         607   23.31
 Outside Laborer               26.04 HR  X-LABORER     1.00         594           0           0           0         594   22.81
 Rip Rap, 10# to 200# Pieces 3645.00 CY  COETF        32.00      41,487       5,917      88,865           0     136,270   37.39
 Random, Dumped from Truck onto
 barge to be shipped to site.
                                                            ----------- ----------- ----------- ----------- -----------
 ROCK                        3645.00 CY                          44,864      11,250      88,865           0     144,979   39.77

                                                            ----------- ----------- ----------- ----------- -----------
 Offshore Revetment (Group o    1.00 EA                          46,100      13,203      88,865           0     148,168  148168
                                                            ----------- ----------- ----------- ----------- -----------
 Habitat & Feeding Facilitie                                     68,584      33,044      88,943      20,600     211,171
 Planning, Engineering & Des                                          0           0           0      31,000      31,000



 Engineering During Construc                                          0           0           0       2,500       2,500
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1.0 INTRODUCTION, PURPOSE AND NEED

This work presents an incremental analysis of the costs and benefits of the Ohio River ecosystem
restoration project WV40 – Hannibal Dam Tailwater Revetments, a feasibility level study associated
with a proposed ecosystem restoration program for the Ohio River.  This study serves as an example
incremental analysis for various ecosystem components considered as part of the program.  The
Corps has been involved in a large ecosystem restoration study of the Ohio River extending from
Cairo, Illinois, to Pittsburgh, Pennsylvania.  The Louisville, Huntington, and Pittsburgh districts are
currently working with other Federal agencies and six states to develop an array of ecosystem
restoration projects.

The proposed Hannibal Dam Tailwater Revetments project is located in Wetzel County, West
Virginia, within the City of New Martinsville.  The project site is immediately downstream (south)
from the Hannibal Locks and Dam in the Ohio River Willow Island Pool between Ohio River Mile
(ORM) 126.9 and 128.5 and is within the jurisdiction of the Huntington District, U.S. Army Corps of
Engineers (USACE).

The primary goals of the Hannibal Dam Tailwater Revetments project are to provide aquatic habitat
diversity downstream from Hannibal Dam, to provide winter velocity shelters for fishes in the Ohio
River, and to provide off-shore structures for recreational fishing.  Altering the heterogeneous habitat
downstream from the dam would improve species diversity, facilitate a sustained fishery resource,
and improve the recreational fishery in the area.  The principal elements of the Hannibal Dam
Tailwater Revetments project are the dredging of the mouth of a stream entering the Ohio River and
the creation of various sized off-shore revetment structures.

Three proposed alternatives, presented below, were designed to meet the principal goals of the
project.

2.0 PROPOSED ALTERNATIVES

2.1 No-Action

Under the No-Action Alternative, the aquatic habitat diversity presently downstream of Hannibal
Dam would remain unchanged.  The coarse sand/gravel substrate would continue to provide a habitat
of limited complexity for fishes and benthic organisms.  The lack of habitat diversity at this site
would limit the diversity of fishes and other aquatic organisms occurring within the vicinity of
recreational facilities just downstream of the dam.  The mouth of Williams Run would remain at its
present status, filled with silt, coarse sand, and gravel.

2.2 Alternative 1.  Dredge Williams Run

Under this alternative, the mouth of Williams Run, a stream entering the Ohio River, will be dredged
to provide a deepwater outlet for the City of New Martinsville stormwater system and enhance bank
fishing opportunities. The mouth of Williams Run has become completely filled with silt, coarse
sand, and gravel.
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An estimated 13,140 cubic yards of silty-clay and sand material would be dredged to restore depths
of 8 feet in the embayment mouth.  Bottom side slopes will be reshaped to a 3:1.  A small auger head
dredge would be used, and the material would be pumped directly to the disposal site adjacent to the
embayment.  A small geotube levee 190 feet in length would be constructed at the designated
disposal site for dewatering.  Dewatered spoil material will be graded, reseeded with a mixture of
cool season grasses, and maintained as part of the park.

2.3 Alternative 2.  Construct 200’x20’ Off-Shore Revetments

Under this alternative, five boulder (rip-rap) revetments would be constructed in-stream, parallel to
the Ohio bank of the Ohio River.  The off-shore revetments are rock structures designed to provide
velocity shelters for aquatic animals, especially fishes.  The Ohio River channel downstream from
the Hannibal Dam has very little habitat diversity, primarily due to the high velocities associated with
a tailwater area.  Since this area is below the dam, river currents limit the natural deposition of
structures such as snags.  There is minimal bottom structure and habitat diversity in the location
where the off-shore revetments would be positioned.  The banks are characterized by gravel and rip-
rap and the bottom substrates are composed primarily of small gravel and coarse sand.  The creation
of the proposed off-shore revetments would provide a complex structure with a more diversified
submerged habitat.  In addition to the added hard substrate, the altered bathymetry associated with
changes in water flow would also enhance habitat diversity.

Two of the revetments would be placed parallel/adjacent to the east bank of the Ohio River from the
handicap fishing pier downstream approximately 600 feet.  Three additional off-shore revetments
would be placed near the restricted access buoy line.  Each of the structures will be parallel to the
main channel and will be 200 feet long and 20 feet wide at the base of the structure.  The side slopes
would be 1.5 to 1, and the structure would be toed into the sub-grade a minimum of two feet.  The
size of the rock used will be uniformly graded limestone, with each rock weighing between 50 and
150 pounds.  All rip-rap material would be shipped by barge to the project site.  All costs for
shipping are included in the material costs.  The proposed structures are anticipated to function as
designed.  To ensure that navigation impacts do not occur, these structures will be evaluated by
numerical analysis or physical model testing during the preconstruction, engineering, and design
(PED) phase of the project.

The revetments will be constructed at various depths and at various distances from the shoreline to
maximize habitat heterogeneity.  The off-shore revetments will provide habitat diversity, winter
velocity shelters for fishes, and hard structure for bank and boat fishermen.

2.4 Alternative 3.  Construct 300’x25’ Off-Shore Revetments

This alternative is similar to Alternative 2, except that the five revetments will measure 300 feet in
length and 25 feet in width at the base of the structure.   Five boulder revetments would be
constructed in-stream, parallel to the Ohio bank of the Ohio River.  Two of these structures would be
placed parallel/adjacent to the east bank of the Ohio River from the handicap fishing pier
downstream approximately 600 feet.  Three additional off-shore revetments would be placed near the
restricted access buoy line.  Each of the structures will be parallel to the main channel and will be
300 feet long and 25 feet wide at the base of the structure.  The side slopes would be 1.5 to 1, and the
structure would be toed into the sub-grade a minimum of two feet.  The size of the rock used will be
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uniformly graded limestone, with each rock weighing between 50 and 150 pounds.  The proposed
structures are anticipated to function as designed.  To ensure that navigation impacts do not occur,
these structures will be evaluated by numerical analysis or physical model testing during the
preconstruction, engineering, and design (PED) phase of the project.

The revetments will be constructed at various depths and at various distances from the shoreline to
maximize habitat heterogeneity.  The creation of the proposed off-shore revetments would provide a
more complex submerged habitat.  In addition to the added hard substrate, the altered water flow
would also enhance habitat diversity, winter velocity shelters for fishes, and hard structure for bank
and boat fishermen.

3.0 COST ANALYSIS

3.1 Introduction

This section presents the findings of a cost effectiveness and incremental cost analysis of No-Action,
the three alternatives, and various combinations of the alternatives under consideration.  These cost
analyses are not intended to determine the best alternative or combination of alternatives, but rather
are intended to provide decision-makers with a comparison of alternatives that produce different
levels of environmental outputs and to assist in selecting the alternative that best satisfies project
objectives.  The analyses are intended to improve the quality of decision-making when considering
alternative plans.

The cost effectiveness and incremental cost analysis was conducted in accordance with guidelines
contained in EC 1105-2-206, entitled Project Modification for Improvement of the Environment,
which is the same guidance as EC 1105-2-210, dated June 1, 1995, entitled Ecosystem Restoration in
the Civil Works Program; EC 1105-2-214, dated October 3, 1998, entitled Project Modifications for
Improvement and Aquatic Ecosystem Restoration; and Institute for Water Resources report
Evaluation of Environmental Investments Procedures Manual Interim: Cost Effectiveness and
Incremental Cost Analyses, dated May 1995 (IWR Report 95-R-1).

The Institute for Water Resources (IWR) has developed IWR-PLAN Decision Support Software to
assist with the formulation and comparison of alternative plans of environmental restoration projects.
IWR-PLAN assists in plan formulation by combining solutions to planning problems and calculating
the additive effects of each alternative or combination of alternatives. When developing a
combination of alternatives, IWR-PLAN includes each alternative in the combination, assigning
either an action or no-action status to each.  For instance, when evaluating a project with three
alternatives, IWR-PLAN calculates total environmental output for implementing Alternative 1 as the
output associated with implementing Alternative 1 plus the output (if any) associated with no-action
under alternatives 2 and 3.

IWR-PLAN assists in plan formulation and comparison of alternatives by conducting cost
effectiveness and incremental cost analyses.  IWR-PLAN was used in conducting the cost
effectiveness and incremental cost analyses for the Hannibal Dam Tailwater Revetments Project.

As the name indicates, cost effectiveness analysis is a method for comparing alternative plans that
produce environmental outputs and determining which plan can produce the largest quantity of
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output for a given cost or produce the same or greater quantity of output for less cost.  Cost
effectiveness analysis determines if:  (1) the same environmental output level could be produced by
another plan at less cost; (2) a larger environmental output level could be produced at the same cost;
or (3) a larger environmental output level could be produced at less cost.  For instance, if two
alternatives produce the same amount of environmental outputs, the alternative with the lowest cost
is considered cost effective.  Likewise, if the costs of two alternatives are equal, but one produces
more outputs than the other, the one producing the higher level of outputs would be the cost effective
alternative.  Also, an alternative that costs less and produces higher levels of output is considered to
be cost effective compared to higher cost alternatives producing lower levels of output.

Incremental cost analysis builds on the findings of the cost effectiveness analysis.  This is
accomplished by comparing the increase in costs to the increase in outputs that are associated with
advancing from one output level (one cost effective alternative) to the next higher output level
(another cost effective alternative).

3.2 Cost Estimates of Alternatives

To conduct cost effectiveness and incremental cost analyses, the total cost of implementing each
alternative must be estimated and stated on an average annual basis.  Preliminary cost estimates for
alternatives presented in the feasibility report were obtained from the Microcomputer Aided Cost
Estimating System (MCACES) cost estimates developed as part of the feasibility report and
additional cost elements (real estate, plans and specifications, and supervision and administration
during construction).   Cost estimates for alternatives developed as part of this analysis were based on
MCACES per-unit costs presented in the feasibility report and calculated quantities.

3.2.1. Alternative 1.  Dredge Williams Run.  The total estimated cost associated with
implementing Alternative 1 is $69,876 (Table 3-1).  Activities included in these costs are equipment
mobilization, dredging approximately 13,140 cubic yards of material at the mouth of Williams Run,
and construction of a geotube levee around the disposal site.  Also included in the costs are
contingencies, real estate costs, plans and specifications, supervision and administration during
construction, and interest during construction. Interest during construction is based on the federal
discount rate of 6.625 percent and a construction schedule of 33 days.

3.2.2 Alternative 2.  Construct 200’x20’ Off-Shore Revetments. The total estimated cost of
Alternative 2 is  $231,187 (Table 3-2).  Activities included in these costs are equipment mobilization,
riverbed evacuation, and placement of the rock revetments.  Also included in the costs are
contingencies, real estate costs, plans and specifications, supervision and administration during
construction, and interest during construction.  Interest during construction is based on the federal
discount rate of 6.625 percent and a construction schedule of 42 days.
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Table 3-1.  Hannibal Dam Tailwater Revetments Project,
Alternative 1, Dredge Williams Run, Cost Estimate

     Sources:  Ohio River Mainstream Ecosystem Restoration Project –
        Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

Table 3-2. Hannibal Dam Tailwater Revetments Project,
Alternative 2, Construct 200’x20’ Off-Shore Revetments, Cost Estimate

Sources:  Ohio River Mainstream Ecosystem Restoration Project –
      Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

3.2.3 Alternative 3.  Construct 300’x25’ Off-Shore Revetments. The total estimated cost of
implementing Alternative 3 is  $396,839 (Table 3-3).  Activities included in these costs are
equipment mobilization, riverbed excavation, and placement of rock revetments.  Other included
costs are contingencies, real estate costs, plans and specifications, supervision and administration
during construction, and interest during construction.  Interest during construction is based on the
federal discount rate of 6.625 percent and a construction schedule of 79 days.

Item Costs
Dredging Costs
  Mobilization $15,226
  Dredging $24,726
  Geotube Levee $3,048
  Contingencies $3,010
  Real Estate Costs $12,825
  Plans and Specifications $6,515
  S & A During Construction $4,316
Cost Subtotal $69,667
  Interest During Construction $209
Gross Investment $69,876

Item Costs
Off-Shore Revetment Costs
  Mobilization $20,000
  Excavation $3,190
  Rock $144,979
  Contingencies $11,772
  Real Estate Costs $8,000
  Plans and Specifications $25,485
  S & A During Construction $16,884
Cost Subtotal $230,309
  Interest During Construction $878
Gross Investment $231,187
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Table 3-3. Hannibal Dam Tailwater Revetments Project,
Alternative 3, Construct 300’x25’ Off-Shore Revetments, Cost Estimate

Sources. Ohio River Mainstream Ecosystem Restoration Project –
   Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

3.3 Average Annual Cost

Table 3-4 presents a summary of the cost estimates for the three alternatives.  The average annual
cost of implementing each alternative, assuming a 50-year project life and a federal discount rate of
6.625 percent, is also presented.  The average annual cost is the annual amount required to amortize
the present value of project costs over the life of the project.  It is equivalent to the annual payment
needed to finance the project over 50 years at 6.625 percent interest.

Table 3-4. Hannibal Dam Tailwater Revetments Project,
Summary of Construction and O & M Costs for Each Alternative

Sources: Ohio River Mainstream Ecosystem Restoration Project - Feasibility Report;
Louisville District, USACE; and G.E.C., Inc.

Item Costs
Off-Shore Revetment Costs
  Mobilization $20,000
  Excavation $6,106
  Rock $294,934
  Contingencies $22,473
  Real Estate Costs $8,000
  Plans and Specifications $25,500
  S & A During Construction $17,000
Cost Subtotal $394,014
  Interest During Construction $2,825
Gross Investment $396,839

Item Alternative 1 Alternative 2 Alternative 3

Gross Investment $69,876 $231,187 $396,839

Annualized Gross Investment Cost $4,824 $15,962 $27,399

Annualized O&M Costs $14,594 $5,458 $11,101

Total Annualized Costs $19,418 $21,420 $38,500
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The average annual cost of Alternative 1, Dredge Williams Run, is $19,418.   This includes an
average annual cost of gross investment of $4,824 and average annual operation and maintenance
costs of  $14,594.  The operation and maintenance costs are based on costs of $83,300 expected to be
incurred every 5 years during the life of the project.  These costs are discounted to their net present
value, then amortized over the life of the project.

The average annual cost of Alternative 2, Construct 200’x20’ Off-Shore Revetments, is $21,420.
This includes an average annual cost of gross investment of $15,962 and average annual operation
and maintenance costs of  $5,458.  The operation and maintenance costs are based on costs of
$74,084 expected to be incurred every 10 years during the life of the project.  These costs are
discounted to their net present value, then amortized over the life of the project.

The average annual cost of Alternative 3, Construct 300’x25’ Off-Shore Revetments, is $38,500.
This includes an average annual cost of gross investment of $27,399 and average annual operation
and maintenance costs of  $11,101.  The operation and maintenance costs are based on costs of
$150,700 expected to be incurred every 10 years during the life of the project.  These costs are
discounted to their net present value, then amortized over the life of the project.

3.4 Environmental Benefits

Environmental impacts associated with no-action and each alternative were measured in habitat
acres.  Because of resource and time constraints, field surveys could not be conducted to define the
impact of each alternative.  Therefore, environmental impacts were estimated using information
provided in the feasibility report.  Extensive field surveys would be required to more accurately
quantify the environmental impacts of each alternative.

3.4.1. Alternative 1.  Dredge Williams Run.

The mouth of Williams Run has become filled with silt, coarse sand, and gravel.  The proposed
action is to dredge the mouth of the creek to a depth of eight feet, which would provide a deepwater
outlet for the City of New Martinsville stormwater system.  This action would improve bank-fishing
opportunities for anglers and enhance habitat diversity downstream of the dam by creating
approximately one acre of deepwater habitat.

3.4.2. Alternative 2.  Construct 200’x20’ Off-Shore Revetments.

The riverbed below the Hannibal Dam has very little submerged structure available to aquatic
organisms due to the high velocities associated with the tailwaters of the dam.  The proposed project
calls for the construction of two revetments along the left-descending bank of the river and three
additional revetments within the river channel near the restricted access buoy line and parallel to the
river channel.  These structures would enhance habitat diversity in the vicinity of the structures by
adding a hard substrate and altering the water flow patterns in the river.  The structures would
provide approximately 0.5 acre of submerged hard substrate that would be used as velocity shelters
and escape cover for a variety of fishes and invertebrates.  Estimates of habitat acres created by the
rock revetments are based on the total amount of surface area of all of the revetments.  The
enhancement of habitat diversity cannot be quantified without a more detailed analysis.  By adding
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complexity to the aquatic habitat, these structures would also enhance the recreational fishery within
the area.

3.4.3 Alternative 3.  Construct 300’x25’ Off-Shore Revetments.

This alternative proposes the same type of action as Alternative 2 except with large revetments.  Each
of the revetments will be 25 feet wide and 300 feet long.  These larger revetments will provide
approximately 0.19 acre per revetment compared to 0.1 acre per revetment under Alternative 2.  The
total submerged hard substrate provided by this alternative is approximately 0.95 acre.  Estimates of
habitat acres created by the rock revetments are based on the total amount of surface area of all of the
revetments.  The placement of these structures would also improve habitat diversity through adding
hard substrates and altering water flows in the areas surrounding the structures.  However, this
habitat cannot be quantified without a detailed analysis of the site.

3.4.4 Summary of Environmental Benefits

Alternative 1, Dredge Williams Run, results in an average annual increase of 1.0 acre of habitat.
Implementing Alternative 2, Construct 200’x20’ Off-Shore Revetments, results in an average annual
increase of 0.5 acre of habitat.  Implementing Alternative 3, Construct 300’x25’ Off-Shore
Revetments, results in an average annual increase of 0.95 acre of habitat.  No-Action for all three
alternatives results in no significant environmental impacts.

3.5 Relationship Among Alternatives

Alternative 1 can be effectively combined with Alternative 2 or Alternative 3.  However,
alternatives 2 and 3 cannot be combined with each other.  Alternatives 2 and 3 are variations of the
size of rock revetments to be placed in the Ohio River; therefore, only one of these alternatives can
be implemented.  The costs and environmental outputs of the alternatives that can be combined are
additive. IWR-PLAN requires that each alternative be assigned costs and outputs associated with
both implementing and not implementing the alternative.  The cost for not implementing an
alternative (No-Action) is $0.  The environmental outputs associated with not implementing an
alternative (No-Action) are the quantity of habitat that would be impacted (lost) over the life of the
project if the alternative is not implemented.  These values are calculated in terms of average annual
impacts, which are the cumulative number of acres impacted each year by the project divided by 50,
the number of years the project will exist.  The No-Action outputs are entered into IWR-PLAN as
negative values (lost habitat).

The cost of implementing each alternative is stated in average annual costs and includes construction
costs and operation and maintenance costs.  The environmental outputs associated with implementing
each alternative are calculated as the quantity of habitat created by the alternative and the quantity of
habitat protected from loss if the alternative were not implemented (the No-Action impacts).
Because of the method that IWR-PLAN uses to combine alternatives to derive the various
combinations of alternatives, the impacts associated with implementing the alternative must be
entered into the program as net impacts.  Net impacts for each alternative are calculated as the
impacts associated with implementing the alternative minus the No-Action impacts.
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When developing the combination of alternatives, IWR-PLAN includes each alternative in the
combination and assigns either an action or No-Action status to each.  For instance, the IWR-PLAN
derived output from implementing the combination of alternatives 1 and 3 is actually calculated as
the combination of the net impacts of the action of Alternative 1 (1.0 acre) and Alternative 3
(0.95 acre) and the no-action impact of Alternative 2 (0 acres), resulting in a combined impact of
1.95 acres.

Including No-Action, a total of six actual combinations of alternatives exist.

3.6 Cost Effectiveness Analysis

Cost effectiveness analysis is intended to illustrate which alternatives can produce the same amount
of environmental output for less costs or a larger quantity of output for the same or less cost.
Table 3-5 presents the average annual cost, annual environmental outputs, and average cost per
output for each combination of alternatives.  The cost-effective combinations are:  No-Action;
Alternative 1; and the combinations of alternatives 1 and 2 and alternatives 1 and 3.  These
combinations are presented in bold type in Table 3-5.

Table 3-5.  Hannibal Dam Tailwater Revetments Project,
Cost Effectiveness Analysis

Alternative
Outputs
(Acres)

Costs
($1,000)

Average Cost
($/Acres)

No Action 0.00 0.00 0
Alternative 1 1.00 19.42 19,420
Alternative 2 0.50 21.42 42,840
Alternative 3 0.95 38.50 40,526
Alternatives 1 and 2 1.50 40.84 27,227
Alternatives 1 and 3 1.95 57.92 29,703

          Source:  G.E.C., Inc.

3.7 Incremental Cost Analysis

Incremental cost analysis illustrates the increase in costs associated with advancing from one output
level to the next higher output level.  Table 3-6 presents the average annual cost, the annual
environmental output, the average cost of output, the incremental output, and the total and per unit
incremental cost of the “best buy” alternatives.

Alternative 1 and the combination of alternative 1 and 3 are considered “best buy” alternatives, or the
alternatives that would generate the most output for any additional money expended.  The average
cost per habitat acre for Alternative 1 is $19,420, which is also the incremental cost per acre.  A total
of 1.0 beneficial habitat acre is produced under this alternative.  The total annual incremental cost,
the increase in costs from No-Action, is $19,420.
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Table 3-6.  Hannibal Dam Tailwater Revetments Project,
Incremental Cost Analysis of Increasing Output from the No-Action Alternative

for the “Best Buy” Alternatives

Alternative
Outputs
(Acres)

Costs
($1,000)

Average
Cost

($/Acres)

Incremental
 Cost

($1,000)

Incremental
Output
(Acres)

Incremental
Cost Per

Output ($)
Alternative 1 1.0 19.42 19,420 19.42 1.0 19,420
Alternatives 1 and 3 1.95 57.92 29,703 38.50 0.95 40,526

Source:  G.E.C., Inc.

The combination of alternatives 1 and 3 produces 1.95 beneficial habitat acres at an annual average
cost of $29,703, resulting in an average cost of $57,920 per habitat acre.  When compared to
Alternative 1, the annual incremental cost of this combination is $38,500, and the incremental output
is 0.95 beneficial habitat acres, yielding a per unit incremental cost of $40,526.

Alternative 1 generates 1.0 acre of habitat at a cost of $19,420.  In order to generate more than 1.0
acre of habitat, the cost-effective combinations of alternatives 1 and 2 or alternatives 1 and 3 must be
implemented.  The combination of alternatives 1 and 2 produces a total of 1.5 acres, or 0.5 acres
more than Alternative 1, at a total cost of $40,840, or $21,420 more than Alternative 1.  This equates
to a cost of $42,840 ($21,420/0.5) per additional acre of output over the 1.0 acre produced under
Alternative 1.  The combination of alternatives 1 and 3 produces a total of 1.95 acres, or 0.95 acres
more than Alternative 1, at a total cost of $57,920, or $38,500 more than Alternative 1.  This equates
to a cost of $40,526 ($38,500/0.95) per additional acre of output over the 1.0 acre produced under
Alternative 1.  Therefore, if decision-makers desire to produce more than the 1.0 acre generated
under Alternative 1, the combination of alternatives 1 and 3 produces more output at a lower per unit
cost, making it a “better buy” than the combination of alternatives 1 and 2.  For this reason,
Alternative 1 and the combination of alternatives 1 and 3 are considered  “best buy” plans.

4.0 SUMMARY AND CONCLUSION

This report presents an incremental analysis of the Hannibal Dam Tailwater Revetments Project,
which is associated with a proposed ecosystem restoration program for the Ohio River. The Hannibal
Dam Tailwater Revetments Project is in Wetzel County, within the City of New Martinsville, West
Virginia, immediately downstream from the Hannibal Locks and Dam on the Ohio River.  The
primary goals of the Hannibal Dam Tailwater Revetments project are to provide aquatic habitat
diversity downstream from Hannibal Dam, to provide winter velocity shelters for fishes in the Ohio
River, and to provide off-shore structures for recreational fishing. The principal elements of the
Hannibal Dam Tailwater Revetments project are the dredging of the mouth of a stream entering the
Ohio River and the creation of various sized off-shore revetment structures.   Three alternatives were
evaluated as part of the project and include: Alternative 1, Dredge Williams Run; Alternative 2,
Construct 200’x20’ Off-Shore Revetments; and Alternative 3, Construct 300’x25’ Off-Shore
Revetments.

Under Alternative 1, Dredge Williams Run, the mouth of Williams Run will be dredged to a depth of
eight feet.  This alternative will provide a deepwater outlet for the City of New Martinsville
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stormwater system and enhance bank fishing.  Under Alternative 2, Construct 200’x20’ Off-Shore
Revetments, five boulder revetments approximately 200 feet in length will be constructed at various
depths and distances from the shoreline.  These revetments are intended to provide habitat diversity,
winter velocity shelters for fish, and hard structure for bank and boat fishermen.  Under
Alternative 3, Construct 300’x25’ Off-Shore Revetments, five boulder revetments approximately 300
feet in length and 25 feet in width would be constructed at various depths and distances from the
shoreline.  These revetments are intended to provide habitat diversity, winter velocity shelters for
fish, and hard structure for bank and boat fishermen.

The following subsections provide a summary of impacts, as well as the cost effectiveness analysis.

4.1 Environmental Benefits

4.1.1. Alternative 1.  Dredge Williams Run.  Dredging the mouth of Williams Run will provide a
deep water outlet for the City of New Martinsville stormwater system and enhance bank fishing.  If
this alternative is implemented, 1.0 acre of aquatic habitat will be created.  There will be no direct
loss of habitat for no-action under this alternative.

4.1.2. Alternative 2.  Construct 200’x20’ Off-Shore Revetments.  Constructing five off-shore
revetments in the Ohio River will provide habitat diversity, winter velocity shelters for fish, and hard
structure for bank and boat fishermen.  If this alternative is implemented, 0.5 acre of hard substrate
aquatic habitat will be created.  There will be no direct loss of habitat for no-action under this
alternative.

4.1.3 Alternative 3. Construct 300’x25’ Off-Shore Revetments.  Constructing five large off-
shore revetments in the Ohio River will provide habitat diversity, winter velocity shelters for fish,
and hard structure for bank and boat fishermen.  If this alternative is implemented, 0.95 acre of hard
substrate aquatic habitat will be created.  There will be no direct loss of habitat for no-action under
this alternative.

4.2 Cost Effectiveness and Incremental Cost Analysis

Cost effectiveness and incremental cost analyses were conducted for the combination of alternatives
in order to provide decision-makers with information to choose the combination of alternatives that
best satisfy project objectives. The environmental output of the alternatives were measured in habitat
acres.  Cost effectiveness analysis compares alternative plans that produce environmental outputs and
determines which plan produces the largest quantity of output for a given cost, or produce the same
or greater quantity of output for less cost.  The cost-effective alternatives and combination of
alternatives are:  No-Action; Alternative 1; and the combinations of alternatives 1 and 2 and
alternatives 1 and 3.

Incremental cost analysis compares the increase in costs (of cost-effective alternatives) of advancing
from one output level to the next higher level of output.  The resulting “best buy” alternatives are
Alternative 1 and the combination of alternatives 1 and 3.  The average cost per habitat acre for
Alternative 1 is $19,420, which is also the incremental cost per acre.  A total of 1.0 beneficial habitat
acre is produced under this combination.  The total annual incremental cost, the increase in costs
from No-Action, is $19,420. The combination of alternatives 1 and 3 produces 1.95 beneficial habitat
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acres at an average cost of $29,703 per habitat acre.  When compared to Alternative 1, the annual
incremental cost of this combination is $38,500 and the incremental output is 0.95 beneficial habitat
acre, yielding a per unit incremental cost of $40,526.


